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Effect of parathyroid hormone and cyclic adenosine 3', 5'-mono-
phosphate on isotonic fluid reabsorption: Polarity of proximal tub-
ular cells. isotonic fluid reabsorption (J) of rat renal proximal
tubules was examined by the shrinking droplet method in com-
bination with simultaneous perfusion of blood capillaries. Sensi-
tivity of i, measurement was improved by using each punctured
tubule for control measurements: 1) Parathyroid hormone (PTH)
on the contraluminal cell side reduced J,, in a dose-response
behavior. The maximal inhibition was achieved at a PTH con-
centration of 106 M, the half maximal inhibition at a concentra-
tion of 3 X lO- Ni. PTH on the luminal cell side had a small
inhibitory effect. 2) Cyclic AMP inhibited J,, preferentially when
applied to the luminal cell side. On the luminal cell side, both
cyclic AMP and dibutyryl cyclic AMP inhibited J,, in a similar
dose—dependent behavior. Concentrations of both nucleotides as
low as lO'° M had a definite inhibitory effect. Tested at a high
concentration, N6—butyryl cyclic AMP was almost as effective as
cyclic AMP. Deoxy cyclic AMP, 5' AMP, cyclic guanosine
monophosphate (cyclic GMP), dibutyryl cyclic GMP had no ef-
fect. ATP inhibited Jv to a very small extent. 3) The reduction of
I. after administration of PTH and dibutyryl cyclic AMP was not
additive. The similar inhibitory effect of PTH at the contraluminal
cell face and of cyclic AMP at the luminal cell face suggests the
following sequence of events in the mediation of the action of
PTH: I) activation of adenylate cyclase by PTH in the contralumi-
nal cell membrane, and 2) action of the generated cyclic AMP
on the luminal cell membrane. The interaction of cyclic AMP
and the luminal cell membrane is initiated at the luminal cell
surface.
Effet de l'hormone parathyroidienne et de l'adénosine cyclique 3',
5'-monophosphate sur Ia reabsorption isotonique: Polarité des cel
lules tubulaires proximales. La reabsorption isotonique (J) dans les
tubes proximaux du rein de rat a été étudiée par Ia technique de Ia
"shrinking droplet" associée a Ia perfusion simultanée des capil-
laires. La sensibilité des mesures de Jv a été amelioree en utilisant
chaque tube ponctionnC pour des determinations contrôles de J:
1) La PTH sur Ia face antiluminale des cellules réduit J,, d'une
facon proportionnelle a Ia dose. L'inhibition maximale est obtenue
a une concentration de PTH de lO_6 M, Ia moitié de l'inhibition
maximale a une concentration de 3 X lO M. La PTH a un effet
inhibiteur faible quand elle est appliquée a Ia face luminale de Ia
cellule. 2) L'AMP cyclique inhibe J, preférentiellement quand elle
est appliquee a Ia face luminale. A Ia face luminale de Ia cellule a Ia
fois I'AMP cyclique et le dibutyryl AMP cyclique inhibent J,, de
facon proportionnelle a Ia dose. Des concentrations de l'un ou
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l'autre nucléotide aussi faibles que l0'° M ont un effet inhibiteur
net. A des concentrations élevées le N6-butyryl AMP cyclique est
presque aussi efficace que I'AMP cyclique. Le deoxy AMP cy-
clique, le 5-AMP, le GMP cyclique, le dibutyryl GMP cyclique
n'ont pas d'effet. L'ATP inhibe J,, très faiblement. 3) La reduction
de J après l'administration de PTH et de dibutyryl AMP cyclique
n'est pas additive. La similitude des effets inhibiteurs de Ia PTH a
Ia face antiluminale et de I'AMP cyclique a Ia face luminale suggère
Ia sequence d'évènements suivants: I) activation de l'adenylate
cyclase par Ia PTH dans Ia membrane antiluminale. 2) Action de
I'AMP cyclique générée sur Ia membrane luminale. L'interaction
de I'AMP cyclique et de la membrane luminale est initiée a Ia face
luminale de Ia cellule.
Evidence has accumulated to suggest that the ac-
tion of parathyroid hormone (PTH) on renal trans-
port processes is mediated via a stimulation of adeny-
late cyclase activity. This in turn causes an increase in
the intracellular concentration of cyclic adenosine-
3',5'-monophosphate (cyclic AMP) in renal proximal
cells [1—5] and a rapid and sustained increase in the
urinary excretion of cyclic AMP [2, 6, 7].
Both adenylate cyclase [3, 8] and a protein kinase
[9—111 were found in plasma membranes of the kid-
ney cortex. It has been suggested that the PTH-sensi-
tive adenylate cyclase may be associated with the
contraluminal cell membrane [12, 13]. A PTH-sensi-
tive adenylate cyclase has now been found to be
localized in a contraluminal cell membrane fraction
of the rat kidney cortex, whereas a cyclic AMP—
dependent protein kinase was distributed pre-
dominantly in a luminal cell membrane fraction
[10, 11].
In all previous studies, PTH and cyclic nucleotides
had simultaneous access to both cell sides of the
proximal tubule. The purpose of the present micro-
puncture study was to clarify whether differences in
the action of both substances occur when they are
applied exclusively from the luminal or contra-
luminal cell side. The sensitivity and lack of am-
biguity of the improved micropuncture method al-
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towed a direct study of the effect of PTH and cyclic
AMP on isotonic fluid reabsorption from the prox-
imal tubule. It has already been shown that the iso-
tonic fluid reabsorption is inhibited by PTH and
dibutyryl cyclic AMP [1, 14—17]. Our results show
that PTH inhibits isotonic fluid reabsorption in renal
proximal tubules preferentially when applied from
the contraluminal cell side and that cyclic AMP in-
hibits preferentially when applied from the luminal
cell side.
Methods
Male rats (Wistar type, Winkelmann, Kirchbor-
chen, Germany) were maintained on a standard diet
(Altromin) and tap water. The animals (180 to 220 g,
body wt), were anesthetized with an i.p. injection of
thiobutabarbital (mactin®, 80 to 100 mg/kg of body
wt) and were prepared for micropuncture experi-
ments as previously described [181 but with some
modifications. The kidney capsule was completely
stripped. To obtain better immobilization of the kid-
ney, a double cup was used in which the inner cup
was filled with a 3% agar solution which sets at 38°C.
The kidney surface was covered with prewarmed par-
affin oil. Ringer's solution (1.5 to 2.5 ml) was given
intravenously during the animal preparation.
Fluid absorption (J) was examined in renal prox-
imal convoluted tubules by applying the shrinking
droplet method [19] in combination with simultane-
ous perfusion of the surrounding blood capillaries
[20, 21].
In the shrinking droplet method [19] the tubule
was punctured with two single-barrelled micropipets.
After an injection of colored castor oil from one of
the pipets, the oil column was then split with a droplet
of modified Ringer's solution. The modified Ringer's
solution, adjusted to a pH of 7.4, contained sodium
(148 mEq/liter), potassium (4 mEq/liter), calcium
(3 mEq/liter), magnesium (1 mEq/liter), chloride
(119 mEq/liter), bicarbonate (30 mEq/liter), acetate
(5 mEq/liter), phosphate (1 mEq/liter), and sulfate (1
mEq/liter). Care was taken to use only straight parts
of the proximal convoluted tubule available at the
kidney surface. The droplet of test solution was al-
ways injected proximal to the puncture site. The rate
of isotonic fluid reabsorption (J) was determined by
the speed of shrinkage of the Ringer's solution drop-
lets and is expressed as reabsorption half-time (t112).
One tubular diameter was used for oil-water men-
iscus correction [22]. For this purpose, rapid-se-
quence (at five-second intervals) photographs were
taken with a motor-driven camera (Robot®) mounted
on one ocular of a triocular microscope (Wild®, Swit-
zerland) at a magnification of X225. The illumination
used for micropuncture was a low-voltage lamp
(Wild®), while the photographs were taken with a
flash from a flash generator (Zeiss Ukatron®) at 60
WS synchronized with the timer and led onto the
kidney surface beneath the oil through a diascleral
lamp cone (Zeiss®), As shown by Gertz et at [23],
fluid reabsorption can be expressed per unit of tubu-
lar length by
0347.2-r2
iv —
112
in which "r" is the radius of the tubular lumen.
Proximal convoluted tubules were chosen at random
in our experiments because no difference in sodium
reabsorption could be detected along the proximal
convoluted tubule available for micropuncture meth-
ods [24].
In the peritubular capillary perfusion studies [20,
21], peritubular blood capillaries were punctured
with micropipets of 8m O.D. and continuously per-
fused with the same modified Ringer's solution by
applying 0.6 to 1.0 atm pressure. The perfusion solu-
tion was equilibrated with a gas mixture of 5%
C02/95% 02 prior to use. The perfusion rate neces-
sary to clear a suitable capillary network of blood
was about 2il/min. The perfused area comprised five
to eight tubular loops and measured around 300pm
in diameter. There were at least two other proximal
tubules (from a different nephron than that used for
the experiment) between the perfusing micropipets
and the tubule to be photographed.
Sensitivity of measurements of i was improved by
using each tubule for a control measurement of i
before administration of PTH or cyclic nucleotides,
and after administration of PTH or cyclic nucleotides
had ceased. In these experiments paired t analysis was
performed. For example, in the experiments where
PTH was applied at the contraluminal cell side, two
pipets for capillary perfusion were changed, one with
and the other without PTH containing Ringer's solu-
tion. After control measurement of iv, the first pipet
for capillary perfusion was withdrawn. The bleeding
from the capillary network stopped after a few sec-
onds. Then pipet two for capillary perfusion was
inserted at a different site but at the same distance
from the oil—filled tubule. After measurement of J in
the presence of PTH, the second pipet was withdrawn,
and the first pipet was reinserted at the first puncture
site for control measurement of i,,,.
In the other set of experiments where, for example,
cyclic AMP was applied at the luminal cell side, two
pipets with different intraluminal test solutions were
used during a continuously running capillary per-
fusion. After control measurement of i, the tip of the
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first pipet was sealed with some oil from the in-
traluminal oil column. Then the second pipet was
inserted to measure i,.. in the presence of cyclic AMP.
After sealing the tip of the second pipet with oil, the
first pipet was used again for control measurement of
iv.
Materials. Nucleotides compiled in Table 2 were
purchased from Boehringer (Mannheim, Germany).
Chemicals of analytical grade were purchased from
Merck (Darmstadt, Germany). Bovine parathyroid
hormone was a gift of Dr. Howard Rasmussen of the
University of Pennsylvania. The PTH preparation
had a specific activity of 2,000 U/mg determined in a
standard Munson assay.
Results
Under the condition of artificial perfusion of sur-
rounding blood capillaries with a modified Ringer's
solution without albumin, the mean isotonic fluid
reabsorption (iv) in renal proximal convoluted tu-
bules was 2.15 0.39 nl X mm-1 X min1 (mean
value + SD, 20 tubules). This value was somewhat
lower than J, during undisturbed blood supply (2.57
0.85 nl X mm-' X min', mean value SD, 34
tubules). The difference amounted to 16% (0.025> P).
A comparison of the Jv measurements of different
tubules revealed a considerable degree of scatter as
indicated by the SD of the cited mean values and as
directly shown in Figures 1 and 7. On the other hand,
isotonic fluid reabsorption as revealed by repeated
measurements of J on the same tubule seemed to be
very constant for each individual tubule. As shown in
three individual proximal convoluted tubules (Fig.
1), a constant value of isotonic fluid reabsorption (iv)
during blood capillary perfusion was achieved in less
than 3 mm after the onset of the capillary perfusion
and lasted over a measured time period of 20 mm.
During that time a constant iv was maintained de-
spite micropuncture of the capillary network of the
proximal tubule with a second pipet for changing test
solutions (Fig. 2; for technical details, see Methods).
Therefore, the precision of the J, measurement was
improved by using each punctured tubule for a con-
trol measurement of J before administration of PTH
or nucleotides, and after administration of PTH or
nucleotides had ceased. As an example, Figure 3
shows such results for six punctured tubules. Each
first control measurement of J was used as 100% Jv.
The reductions of J.,, after dibutyryl cyclic AMP ad-
ministration on the luminal cell side at a concentra-
tion of l0 M are shown by closed circles, the second
control measurements of Jv by open circles.
Using this improved method the inhibitory effect
of different PTH concentrations on the contraluminal
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Fig. 1. Successive measurements ofisotonicfluid reabsorption (iv) in
three proximal convoluted tubules using the shrinking droplet
method. At zero time, artificial perfusion of the surrounding blood
capillaries was begun.
cell side was examined (Fig. 4). PTH at a concentra-
tion of l0 M reduced iv by 30.3% 5.8 (0.0005
> P), at 10 M by 38.5% 10.2(0.0005 > P), at l0
M by 36.8% + 14.6 (0.0125 > P), at l0 M by 18.3%
10.9 (P > 0.05), at lObo M by 6.6% 6.0 (P >
0.05), and at 1012 M by —0.1% 14.8 (P > 0.45).
(Inhibition of J by —0.1% means that the mean value
of i after PTH administration was 0.1% higher than
mean control value of iv.) All inhibitory effects of
PTH were maximal effects at that particular PTH
concentration as evaluated by at least two successive
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Fig. 2. Control experiments using the improved method to measure
isotonic fluid reabsorption (Jv). Each line connects the mean value
of three successive measurements of i. in individual t bules. 0
indicates initial control of J of each tubule as 100%. and
indicate mean values + so of i,, expressed as a percentage of
initial control. Left side: 2 pipets for capillary perfusion with the
same solution were changed. Right side: 2 pipets with the same
intraluminal test solution were used (see Methods). N is the num-
ber of punctured tubules. For a few punctured tubules, the third
successive measurement of J is missing.
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measurements of i.,,. In the statistical analysis, the
measured J during PTH application has been com-
pared with the first control measurement of each
individual tubule. The plotted PTH data were mea-
sured after a continuous PTH application of 2 mm;
the second control measurements of J, were taken 2
mm after a continuous perfusion of the blood capil-
laries with a PTH—free solution. The inhibitory effect
of PTH was partially reversible within 2 mm at low
PTH concentrations. At the highest PTH concentra-
tion, a partial reversibility was observed within 5 to
10 mm. The dose-dependent inhibitory effects of
PTH on the contraluminal cell side are shown in
Figure 5. The half maximal inhibition of L was
achieved at a concentration of 3 >< l0 M PTH. PTH
at a concentration of 108 M had a maximal inhib-
itory effect. PTH at a concentration of 106 M applied
from the luminal cell side reduced i by 13.6% 7.5
(0.0005 > P, N = 16) and at l0 M by 3.7% 5.5
(0.025 > F, N = 9) (Fig. 5). Since the amounts of
PTH necessary to produce a significant inhibitory
effect on J,,, at the luminal cell side are four orders of
magnitude higher than those affecting the contra-
luminal cell face, it is suggested that the small effect
of PTH observed during luminal application could
be caused by contamination of the peritubular fluid
during insertion of the pipets.
The same improved method was used to examine
the effect of nucleotides on isotonic fluid reabsorp-
tion. The inhibitory effects of all nucleotides tested at
various concentrations on both cell sides were max-
imal inhibitory effects, which were observed within
the shortest measurable time period of about 20 sec.
Also the 100% level of the second control of i,,, was
achieved within the shortest measurable time period
of about 20 sec (second control values were not given
except in Figure 3). As shown in Figure 6 (experimen-
tal data compiled in Table 1), dibutyryl cyclic AMP
inhibited isotonic fluid reabsorption preferentially
when applied to the luminal cell side of renal prox-
imal convoluted tubules. Cyclic AMP on the luminal
cell side at a concentration of 10 to 10'° M reduced
J by 15 to 12%; a concentration of l0_13 M had no
effect. Dibutyryl cyclic AMP on the same cell side at
the same concentration of 10 to 10b0 M reduced i
by 27 to 14%; again, a concentration of l013 M had
no effect. The specificity of the inhibition of Jv by
cyclic AMP was examined in experiments in which
nucleotides were applied on the luminal cell side at a
concentration of l0- M (Table 2). Cyclic AMP,
dibutyryl cyclic AMP, and N6-butyryl cyclic AMP
inhibited J.. Deoxy-cyclic AMP, 5'-AMP, cyclic
guanosine monophosphate (cyclic GMP), and di-
butyryl cyclic GMP had no effect, AlP inhibited iv
to a very small extent on the luminal and on the
contraluminal cell side (3.6 3.8%, 0.0125 > P >
0.01, N = 9; 3.3 4.7%, 0.05 > F> 0.025, N = 9;
respectively).
The reduction of isotonic fluid reabsorption caused
by luminal application ofdibutyrylcyclicAMP(104
M) and the reduction of iv caused by contraluminal
application of PTH (106 M) was not additive, as
shown in Figure 7, for five individual proximal con-
voluted tubules.
Discussion
The presented micropuncture data show that PTH
inhibits isotonic fluid reabsorption preferentially at
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Fig. 3. Percent inhibit ion of isotonic fluid reabsorption (Jo) when
dibutyryl cyclic AMP is applied at a concentration of 104M to the
luminal cell side of renal proximal tubules (see text).
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Fig. 4. Effectof different concentrations of PTH at the contraluminal
cell side on isotonic fluid reabsorption (iv). Each line connects the
mean value of thre successive measurements of J. on a percentage
scale:0 = before, = during, and after PTH administration
had ceased. N is t è number of punctured tubules. For a few
punctured tubules, the third successive measurement of i, is miss-
ing.
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membrane contain the specific PTH binding site of
the adenylate cyclase system but that this binding site
is linked to the enzyme only at the contraluminal cell
side.
Under our experimental condition, cyclic AMP at
the luminal cell side has a similar inhibitory effect as
PTH at the contraluminal cell side. The inhibitory
effects of PTH (10-6 M) and dibutyryl cyclic AMP
(l0- M) are not additive. At that PTH concentration,
the reduction of isotonic fluid reabsorption is max-
imal. Therefore, we assume that the inhibition of
isotonic fluid reabsorption caused by cyclic AMP is
specific for the PTH action.
In our micropuncture experiments, a PTH concen-
tration of 3 X l0 M on the contraluminal cell side
had a half maximal inhibitory effect on J. This PTH
concentration is within the physiologic concentration
range of 10-10 to 10 M measured in the blood
plasma of different species of mammalians using
radioimmunoassays [28, 29]. In addition, a half max-
imal stimulation of adenylate cyclase in isolated renal
proximal tubules was obtained at a concentration of
I to 2 X l0 M, whereas statistically significant ef-
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Fig. 5. Percent inhibition of isotonic fluid reabsorption (Jo) in renal
proximal tubules after administration of PTH at various concentra-
tions. = mean value sD after PTH administration on the
contra uminal cell side; = mean value + SD after PTH adminis-
tration on the luminal cell side. The lines connecting the mean
values were fitted by inspection.
the contraluminal side of renal proximal tubules,
whereas cyclic AMP inhibits preferentially at the lu-
minal side. This functional polarity of the renal prox-
imal cells in respect to the action of PTH coincides
with recent biochemical studies [10—13]. A PTH—
sensitive adenylate cyclase was found almost exclu-
sively in the contraluminal cell membrane (basal lat-
eral infoldings) and a cyclic AMP—dependent protein
kinase in the luminal cell membrane (brush border
microvilli).
It is of particular interest that a binding study of
PTH to isolated membrane fractions would give mis-
leading results concerning the polarity of renal prox-
imal cells. It was already shown that PTH binds
rapidly and specifically in kidneys of thyropara-
thyroidectomized rats [25] and that PTH binds to a
purified plasma membrane preparation of renal cor-
tex [26, 27]. However, recent studies showed that
PTH [10—11] is bound to both the contraluminal and
the luminal membrane fraction of kidney cortex. This
finding indicates either that the binding of the hor-
mone to the luminal cell membrane is unspecific or
that both the luminal and the contraluminal cell
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Fig. 6. Percent inhibition of isotonic fluid reabsorption (Jr) in renal
proximal tubules after administration o cyclic AMP or dibutyryl
cyclic AMP at various concentrations. = mean value +SD after
cyclic AMP administration on the luminal cell side; = mean
value + SD after cyclic AMP administration on the contraluminal
cell side; = mean value + SD after dibutyryl cyclic AMP
administration on the luminal cell side. The lines connecting the
mean values were fitted by inspection. Experimental data were
compiled in detail in Table I.
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Table 1. Percent inhibition (mean value so) of isotonic fluid reabsorption (J) after administration of cyclic AMP or dibutyryl cyclic
AMP at various concentrations on the luminal or contraluminal cell side of renal proximal convoluted tubules. Experimental data
shown in Fig. 3 were compiled in detail in this table
Concentra-
tion, M
cAMP on luminal cell
side, %
Numberof
punctured
tubules
dibutyryl cAMP on
luminal cell side, %
Numberof
punctured
tubules
cAMP on contraluminal
cell side, %
Numberof
punctured
tubules
l0- 14,8 + 7.9(0,005> P) 6 27.4 + 7.0(0.0005> P) 9 13.6 3.1(0.0005> P) 910 14.3 5.5(0.05> P) 4 19.4±5.9(0.005> P) 8 1.5 4.7(P> 0.15) 8l0'° 11.6 3.4 (0.0005 > P) 12 13.7 5.2(0.01 > P) 5 0 7.3 7l0' 5.0 4.7 (0.025 > P) 6l0 0.1 l.9(P >0.45) 6 0.9 4.5(P>0.25) 7
fects were still obtained in the concentration range of
5 X 10-'° M PTH [30].
Several cellular systems synthetize and excrete cy-
clic AMP into extracellular fluid, such as pigeon
erythrocytes [311, cellular slime mold [32, 33], rat
ovary [341, and human spermatozoa [35}. Renal prox-
imal tubular cells, too, release cyclic AMP into tubu-
lar lumen which is accumulated within the cell in re-
sponse to PTH [2—5]. Perfusion studies with isolated
rat kidney [361 showed that cyclic AMP, in addition
to being filtered, can also to some extent cross the
renal tubular cell wall from blood capillaries into the
lumen and appear in the final urine. On the other
hand, no reabsorption of filtered cyclic AMP was
found along the nephron in human kidhey [37], or in
dog kidney [38], and only to a small extent in rat
kidney [6]. Since intraluminal cyclic AMP can mimic
renal PTH action, it has already been suggested by
Butlen and Jard [6] that intraluminal cyclic AMP
generated by kidney cells via PTH and released into
the lumen might act from the extracellular face of the
luminal cell membrane on renal phosphate reabsorp-
tion.
Our micropuncture data indicate clearly that the
action of cyclic AMP on isotonic fluid reabsorption
(J) in the proximal convoluted tubule is initiated on
the luminal cell surface. In these experiments, an
intraluminal concentration of cyclic AMP even as
low as 10° M had within the shortest measurable
contact time a definite reversible inhibitory effect on
J. Intraluminal cyclic AMP inhibited J in a
dose—dependent fashion. Under our experimental
condition, a much higher intracellular concentration
of cyclic AMP could be assumed from studies with
kidney cortex slices [39, 40]. Here, under control
conditions, a cyclic AMP concentration of 108
moles/kg of wet weight was found, and this value was
increased tenfold after PTH treatment. Therefore, it
seems unlikely that in our experiments the in-
traluminally applied cyclic AMP was taken up by the
cells to such an extent that the intracellular cyclic
AMP concentration raised to a level observed under
PTH action. Our data, therefore, can rather be ex-
plained by the existence of receptor sites on the sur-
face of the luminal cell membrane with high affinity
to cyclic AMP.
Under basal conditions, plasma concentrations of
cyclic AMP were reported to be in the range of 1 X
108 to 5 X 108 M [6, 7, 41]. Thus, one has to assume
that the filtered cyclic AMP in the kidney, even under
normal conditions, inhibits the isotonic fluid reab-
sorption. In order to obtain such information, we had
to use artificial cyclic AMP—free perfusion solutions
on both sides of renal proximal cells. Unfortunately,
the only comparable information concerning a
dose—dependent inhibition of a transtubular trans-
Table 2. Examination of the specificity of the inhibitory effect of cyclic AMP on isotonic fluid reabsorption (J). For comparison, the percent
inhibition of J is given as mean value so when various nucleotides wete applied on the luminal side of renal proximal convoluted cells at a
concentration of 10 M, respectively.
Nucleotides
Inhibition of isotonic
fluid reabsorption, %
Number of
punctured
tubules
Adenosine cyclic 3', 5'-monophosphate 14.8 + 7.9 (0.005 > P) 6
N6—02-dibutyryl-adenosine cyclic 3', 5'-monophosphate 27.4 7.0(0.0005 > P) 9
N-butyryl-adenosine cyclic 3', 5'-monophosphate 11.6 5.7 (0.0005 > P) 9
2'-deoxyadenosine cyclic 3', 5'monophosphate 0.5 + 7.0 (P> 0.3) 6
Adenosine 5'-monophosphate 2.0 + 5.4(P> 0.15) 9
Guanosine cyclic 3', 5'-monophosphate 6.5 (P>0.15) 5
N2—02-dibutyryl-guanosine cyclic 3', 5'-monophosphate
Adenosine 5'-triphosphate
5.3(P> 0.35)
3.6 + 3.8 (0.0 125 > P)
5
9
a Inhibition of J. by —2.3% means that the mean value of J after nucleoti de administration was 2.3% higher than mean control value of J.
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port process by extracellularly applied cyclic AMP is
that an increased tubular load of cyclic AMP pro-
duced by raising the plasma cyclic AMP concentra-
tion from 5 X 10-8 to 3 X 1O M [6] increases urinary
phosphate excretion. These data indicate an action of
extracellular cyclic AMP concentrations in the physio-
logic range on renal phosphate transport. But, it is
not known if the urinary phosphate excretion under
basal conditions is still influenced by the intratubular
cyclic AMP concentration. These data together with
ours might indicate that each transport process might
have its own level of sensitivity to cyclic AMP. In
toad bladder, cyclic AMP generated via antidiuretic
hormone (ADH) increases the sodium permeability
of the luminal cell membrane [42]. In this case, acti-
vation of protein phosphatase by cyclic AMP reduces
the degree of membrane phosphorylation. It has been
suggested that this decrease in membrane phosphory-
lation might be involved in the changes of membrane
permeability to sodium [43]. For comparison, the
brush border membranes of rat kidney contained
cyclic AMP—dependent protein kinase, phospho-
protein phosphatase, and phosphodiesterase [10, 11].
The activation of protein kinase by cyclic AMP leads
to an increase in the phosphorylation of the renal
luminal membrane proteins [10, 11]. By analogy, a
decrease in luminal membrane permeability of the
proximal tubule to sodium could occur, which could
be the reason for the observed reduction of net trans-
tubular sodium transport caused by cyclic AMP. Un-
fortunately, such permeability changes have not been
verified experimentally.
Recent studies [44] showed that PTH and cyclic
AMP administration, respectively, to parathyroid-
ectomized rats caused a decrease of the transtubular
(paracellular) permeability to Ca and an increase
in the active reabsorption of Ca in the proximal
convoluted tubule. These data indicate that the inter-
action of cyclic AMP and the luminal surface of the
proximal tubule might be much more complex. Alter-
ations of specific transport processes and changes in
membrane permeabilities and/or in tight junction
permeabilities might occur simultaneously.
To test if the inhibition of isotonic fluid reabsorp-
tion is specific for cyclic AMP, we have applied vari-
ous nucleotides to the luminal cell side at the same
concentration of l0 M, respectively. From the tested
nucleotides, only cyclic AMP itself and the dibutyryl
and the N6-butyryl analogue of cyclic AMP inhibited
J. No inhibitory effect was found for deoxy cyclic
AMP, 5'-AMP, cyclic GMP, and dibutyryl cyclic
GMP. But a hundredfold higher concentration of
cyclic GMP inhibited J as shown by others [15, 45].
Consistent with this observed pattern in vivo is a
relatively specific binding of cyclic AMP to isolated
brush border membranes [46—48]. The cyclic AMP
binding is strongly inhibited by cyclic AMP ana-
logues such as N8-butyryl cyclic AMP and dibutyryl
cyclic AMP. Other nucleotides were less effective. It
is of particular interest that an association constant
as low as 5 X l0-'°M1 was obtained for the binding
of cyclic AMP to isolated membranes [48]. More
than one binding site for cyclic AMP at brush border
membranes, as shown in binding studies of cyclic
AMP to isolated membranes [46, 47], might reflect
the fact that cyclic AMP influences various trans-
tubular transport processes.
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